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ABSTRACT
The aim of this work is to analyze the energetic performance of a low energy house, situated in the region of Lower
Austria, by means of on-site monitoring and dynamic building simulation. The building under study is a prefabricated single family house, whose envelope has highly insulated lightweight walls and triple glazed windows.
The living space is heated by a 6 kW pellet boiler supplying hot water to a floor heating system. The house is
currently monitored in the frame of a European Project (BioMaxEff), aiming at the demonstration of biomass boilers
in real life conditions. Parameters describing the boiler operation as well as outdoor and indoor temperatures are
registered continuously during the whole year. Monitoring data reveal that the settings imposed in the control unit of
the heating system are not ideal to maintain a comfortable indoor temperature during the whole day. Two possible
improvements of the control strategy have been investigated in a dynamic simulation environment, with a coupled
simulation of the building envelope and the heating system. Results showed that, by eliminating the night setback
temperature, the indoor environment can be maintained at comfortable temperature during the whole heating season,
with only a 4% increase of the pellet consumption in comparison to the present control strategy.

1. INTRODUCTION
Residential buildings contribute to more than 25% of the total energy consumption in the EU 27, and around 70% of
the energy consumed in households is used for space heating (Bertoldi et al., 2012). In 2010 the European Union
adopted a Directive to reduce the energy consumption of the building sector (Directive 2010/31/EC). At a national
level, in Austria, the houses having an annual heat demand below 50 kWh·m-2 are certified as “Low Energy Houses”
(Oberösterreich Energiesparverband, 2013). Nowadays pre-fabricated single family houses are becoming
increasingly popular in Austria, thanks to their low cost and high energetic performance. Several Austrian
manufacturers offer pre-fabricated houses that meet the requirements of the “Low Energy House” label. These
buildings are constructed with lightweight materials, combining a wooden structure with thick insulation layers.
Highly fenestrated façades maximize the solar radiation gains and controlled ventilation systems equipped with heat
recovery units ensure a constant supply of fresh air (Pineau et al., 2013). The combination of these technologies
brings the heat demand below the limit for Low Energy Houses. A further step to improve the environmental
performance of pre-fabricated houses consists in installing HVAC system which integrates the use of renewable
energy sources. Solar panels, heat pumps and biomass boilers can be combined in several system configurations to
partly or completely cover the heat and domestic hot water (DHW) demands. However, in order to ensure comfort
conditions during the whole heating season, the system must be correctly sized and adequately controlled (Georges
et al., 2012).
In this work we analyze the energetic performance of a pre-fabricated low energy house, situated in the region of
Lower Austria, by means of on-site monitoring and dynamic building simulation. The house, heated by a 6 kW
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pellet boiler, is monitored in the frame of the BioMaxEff project, a European FP7 project aiming at the
demonstration of biomass boilers in real life conditions. Parameters describing the boiler operation as well as
outdoor and indoor temperatures are registered continuously during the whole year. The monitoring of the indoor
temperature reveals that the heating system control strategy is not adequate to maintain a comfortable indoor
temperature during the whole day. Therefore, two improvements of the control strategy have been investigated in a
dynamic simulation environment, with a coupled simulation of the building and its heating system. The controls
strategies have been simulated during the whole heating season and compared in terms of thermal comfort and
overall fuel consumption.

2. CASE STUDY
The object of this study is a pre-fabricated single family house situated in the municipality of Persenbeug-Gottsdorf
(48°11’ N, 15°06’ E) in Lower Austria, 220 m above sea level. The house was built in 2012 and is inhabited by two
people. The heated volume (561 m³) comprises the ground floor and the first floor, each one having a 90 m2 floor
area, whereas the attic and the basement are unheated. The external walls combine a wooden structure with a 12 cm
thick insulation layer, resulting in an overall heat transfer coefficient of 0.14 W·m-2 K-1. The internal ceilings are
insulated by means of polystyrene and rockwool panels. The resulting U values range from 0.15 to 0.22 W·m-2 K-1,
therefore the heated volume is enclosed in a fully insulated envelope. All the windows of the house are triple-glazed.
The south-oriented façade has a fenestrated surface of 27 m2, so that the high solar radiation gains increase the
indoor temperature during the winter season and reduce the load on the heating system. During summer, the
appropriate use of shading devices (shutters) prevents the indoor environment from overheating. The high air
tightness of the building minimizes air infiltration. A mechanical ventilation system equipped with a heat recovery
unit ensures constant fresh air supply at 0.4 air changes per hour (ACH).
The house is heated by a 6 kW pellet boiler located in the basement. Pellets are stored in a sheet steel tank and
delivered to the boiler by means of pneumatic conveyer tubes. The boiler consists of a steel unit with a fully
insulated cladding. The top-fed burner is equipped with automatic ignition and automatic ash removal. The boiler
can modulate the power output depending on the current load in the range between 100% and 30% of the nominal
power. Hot water is delivered from the boiler to a 500 l DHW storage tank and to the space heating circuits (Figure
1). DHW production is additionally supported by the solar panels (5 m²) installed on the roof of the house. A floor
heating system, consisting of a network of plastic pipes embedded in 6 cm thick concrete layer, heats the ground
floor and the first floor. Hot water leaves the boiler at approximately 60 °C and must be cooled to a temperature
below 40 °C, before being delivered to the floor heating system (European Standard EN1264, 2008). The cooling is
achieved with a three way valve, which mixes the cold water return flow with the hot water coming from the boiler.

Figure 1: Image of the pellet boiler (copyright, Windhager Zentralheizung Technik GmbH) and of the monitored
house (copyright, BIOENERGY 2020+ GmbH) and scheme of the heating and domestic hot water supply system
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3. METHOD
3.1 Monitoring
The house under study is monitored continuously since November 2012. Table 1 presents the data registered during
the year 2013. The boiler’s thermal output and pellet consumption are reported on a monthly basis, together with the
number of boiler starts and hours of operation. The months of December, January and February are characterized by
the highest heat demands, which correspond to the highest thermal outputs and pellet consumptions. During these
months the boiler starts between 2 and 3 times per day. The opposite situation occurs in the Summer, when the
house has a negligible heat demand: in July and August the boiler operates for a total of 7 hours, indicating that the
DHW demand is almost entirely covered by the solar panels. Concerning the intermediate seasons (Spring and
Autumn), in May, June and September, the boiler operated respectively 36, 55 and 24 hours. As in these months the
heating system had been turned off, the heat generated by the boiler was only used for DHW production, which
could not be entirely covered by the solar panels. Finally, in March, October and November the boiler operated
respectively 361, 166 and 325 hours to cover the demands of both space heating and DHW supply.
Table 1: Parameters describing the boiler operation during the year 2013 (Pellet consumption was recorded starting
from February 2013)

January
February
March
April
May
June
July
August
September
October
November
December
Total

Energy Output
[kWh]
2102
1766
1396
148
87
180
5
8
49
571
1292
1674
9278

Boiler operating hours Number of boiler starts
[h]
[-]
452
86
360
71
361
82
64
29
36
18
55
18
3
2
4
2
24
15
166
46
325
67
441
80
2291
516

Pellet consumption
[kg]
Not available
477
382
50
36
62
1
1
29
171
333
454
1946 (11 months)

The analysis of the boiler’s load distribution during the monitored period is reported in Figure 3. During 75 % of the
time the boiler was in stand-by mode and, when it was turned on, it operated mostly at full load. This occurs because
the boiler, with its 6 kW nominal power output, it is slightly undersized. According to European Standard EN 12831
(EN 12831, 2003), which is adopted for sizing heating systems in Europe, the peak load of the house is 7.5 kW. In
addition, the heating system control strategy tends to impose high loads on the boiler, as reported in Figure 3, which
shows the data registered between 15 and 17 January 2013. The heating system is controlled by a thermostat placed
in the ground floor, in the living room. Whenever the room temperature drops below the set value, the boiler turns
on and the water circulation in the pipes of the floor heating system starts. The minimum comfort temperature is set
to 21.5 °C, with a night setback temperature of 18.0 °C , between 21.00 and 5.00 A.M. The concrete layer, in which
the pipes are immersed, has a considerable thermal mass which results in a high thermal inertia. After the boiler
turns off in the evening, the concrete layer slowly releases the heat stored during the day and maintains a
comfortable temperature during all the night. However, at 5.00 A.M. the set temperature value changes
instantaneously from 18.0 to 21.5 °C. In this circumstance the inertia of the floor heating system becomes a
disadvantage, as the concrete layer needs some hours to heat up again, and during this time the indoor temperature is
below the set value. Figure 2 reports that, on 16 and 17 January 2013, respectively 8 and 6 hours were necessary
until the temperature of the living room reached again the set value. Moreover, on 15 January the measured room
temperature was on average 2 K below the set value, which could not be reached during the whole day.
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Figure 2: Indoor temperature and boiler operation during three winter days (15-17 January 2013)
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Figure 3: Distribution of the boiler loads during the year 2013

3.2 Modelling
Two possible improvements of the system control strategy have been investigated in a dynamic simulation
environment, with a coupled simulation of the building and its heating system, and their effect on the thermal
comfort has been assessed. The lower limit of the comfort range was set according to the actual current strategy
(Table 2).
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Table 2: Desired temperatures at different times of the day
Time interval
Desired Temperature [°C]

00.00 - 05.00
18.0

05.00 - 21.00
21.5

21.00 - 24.00
18.0

The building envelope has been modelled in the TRNSYS simulation suite (Klein S.A. et al., 2000). The heated
volume has been divided into two thermal zones, one for each floor. Daily profiles of the internal heat gains,
represented by people, lights and electric appliances, were determined by means of a questionnaire to the house
owners. Infiltration and ventilation air change rates were specified according to the Energy Performance Certificate
of the house. Successively the heating system has been added to the simulation model, including its main
components (pellet boiler, valves and floor heating system) and control unit. The boiler has been simulated with the
“Type 869” boiler model (Haller et al., 2011), which describes accurately the performance of pellet boilers. The
model has been calibrated and validated with reference to laboratory data in order to describe the pellet boiler
installed in the house. Two components have been implemented to simulate the heating system control unit. The first
is the thermostat of the living room, which includes different options for the setback temperature to reproduce the
settings chosen by the users. The second component controls the mixing valve in order to achieve the desired water
inlet temperature for the floor heating system, according to the specifications of the manufacturing company.
24
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Figure 4: Control strategies under investigation
Figure 4 reports the new control strategies, investigated with the dynamic simulations. The current control strategy
has been named STRATEGY 0. The first improvement (STRATEGY 1) consists in shifting back of two hours the
time interval of the night setback temperature. With this adjustment, the boiler turns off earlier, but the heat released
by the concrete layer maintains a comfortable temperature during the night. In the morning, the boiler is switched on
at 3.00 A.M. and the hot water starts to flow in the heating circuit, therefore the comfort temperature is reached
earlier than with STRATEGY 0. The second improvement (STRATEGY 2) eliminates the night setback
temperature. This solution maximizes the indoor comfort but it is also expected to have a higher fuel consumption.
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However, the fuel consumption of the boiler depends on its time of operation and on the boiler load (full or partial
load). If with STRATEGY 2 the boiler operates for shorter time intervals and at partial load, then the increase in the
fuel consumption could be limited. Therefore the identification of best solution depends on several variables, and a
dynamic simulation can be a valuable tool in order to evaluate the benefits and drawbacks of the each strategy. The
three control strategies have been simulated during the whole heating season (from October to April) and compared
in terms of thermal comfort and overall fuel consumption. The reference weather data were those of a typical year in
Vienna and were taken from an on-line library (U.S. Department of Energy Efficiency and Renewable Energy). For
all the simulations, it was assumed that the boiler switches off when the indoor temperature exceeds 24.0 °C.

4. RESULTS AND DISCUSSION
The results of the simulations, performed over the heating season (from October to April), are reported in Table 3.
As the analysis is focused on the heating system, the fuel consumption and number of boiler starts are referred to the
energy production for space heating without including DHW preparation. Concerning the indoor thermal comfort,
the change from STRATEGY 0 to STRATEGY 1 halves the number of hours in which the temperature is below the
set value. This means that, by anticipating of two hours the night setback time, a relevant improvement of the
thermal comfort can be achieved, together with a 10% fuel saving. STRATEGY 2 ensures a comfortable air
temperature of the ground floor during the whole heating season, while in the first floor the temperature set value is
not met for 48 hours. This is motivated by the fact that the thermostat, which starts and stops the heating system in
both floors, is located in the ground floor, in the living room. If the temperature in the living room is above the set
value, the heating system does not start, even if the temperature in the first floor is not comfortable. To ensure
thermal comfort in the whole house, a thermostat would be needed also in the first floor. The three control strategies
show relatively similar fuel consumptions, but provide different levels of comfort. With the actual system
configuration, STRATEGY 2 appears the best solution for the house, as it maximizes the comfort, with only a 4%
increase in the fuel consumption in comparison to STRATEGY 0.
Table 3: Thermal comfort and fuel consumption for the three control strategies

Hours below set temperature, Ground Floor [h]
Hours below set temperature, First Floor [h]
Time below set temperature, Ground Floor [%]
Time below set temperature, First Floor [%]
Fuel Consumption [kg]
Number of boiler starts [-]

STRATEGY 0
406
378
8.00
7.50
2076
180

STRATEGY 1
157
169
3.00
3.00
1876
165

STRATEGY 2
4
48
0.00
1.00
2159
173
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Figure 5: Comparison of the three control strategies during three consecutive winter days (1-3 January, typical year)
Figure 5 shows a comparison of results obtained with the three control strategies during three consecutive winter
days (1-3 January). With STRATEGY 0, the boiler turns on every day at 5.00 A.M., when the temperature in the
living room lowers below the set value. Because of the high thermal inertia of the concrete layer, the room
temperature increases very slowly and the comfort target is not fulfilled, especially in the first and in the third day.
STRATEGY 1 shifts of two hours the start of the boiler operation, thus improving the indoor comfort. The time
intervals in which the room temperature is below the set value are considerably reduced. Finally, STRATEGY 2
ensures a comfortable temperature during all the three days. In this case the boiler turns on if the temperature in the
living room goes below 21.0 °C. The boiler operation is characterized by a periodic behavior: the boiler tends to
start in the night (approximately at midnight) and to operate until the late morning, when the solar radiation gains
through the south oriented façade cause a relevant increase of the temperature in the living room.

5. CONCLUSIONS
In this study we analyzed the energetic performance of a pre-fabricated low energy house, by means of on-site
monitoring and dynamic building simulation. The monitoring, performed over one year, characterized the boiler
operation during different seasons as well as the energy demand of the house for space heating and domestic hot
water production. Field data also evidenced that, due to the boiler undersizing and to the conventional control
strategy, the heating system cannot ensure a comfortable indoor temperature during the whole heating season. In
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particular, the control strategy did not consider the high response time of the floor heating system. Two improved
control strategies have been investigated in a dynamic simulation environment and compared to the actual one. It
was found that the elimination of the night setback temperature ensures a constant thermal comfort, with only a 4%
increase in the fuel consumption in comparison to the present control strategy. Therefore, a boiler which is slightly
undersized can still provide a comfortable temperature, if the heating system is controlled with an adequate strategy.
As a whole, pre-fabricated lightweight buildings as the one considered in this study, are characterized by a highly
reactive envelope. The absence of massive materials and the high solar radiation gains through the windows result in
fast variations of the indoor temperature. Consequently these buildings require heating systems having a short time
response. The installation of a floor heating system with pipes embedded in a concrete layer presents two major
issues. On one side, the concrete layer brings a benefit, because it acts as heat storage for the whole building and
smoothens the fast temperature changes, thus contributing to maintain a constant indoor temperature. However, the
high thermal inertia of the concrete results in a long response time for the whole heating system and an optimized
control strategy becomes necessary in order to avoid uncomfortable indoor temperatures. In particular, conventional
control strategies such night setback temperatures might result in uncomfortable temperatures and negligible fuel
savings, as shown by this case study. Dynamic building simulation represents a reliable tool to test different control
strategies and to look for an optimal solution, which is suitable to the house characteristics and maximizes the indoor
comfort.
As a future development of this work, the domestic hot water supply system, including the storage tank and the solar
panel, will be added to the simulation. Moreover, at the end of the field monitoring, the model will be validated with
reference to the field data.
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